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Abstract 
This paper describes a novel and easily manufacturable method for increasing the thermal resistance of microheaters fabricated 
on glass substrates, thus decreasing the thermal dissipation of the devices. An automatic sawing machine was exploited to dig 
240 µm wide trenches in order to thermally isolate the heater from the glass substrate and four different layouts of the trenches 
have been investigated. An improvement of the thermal resistance up to 217% on a heat sink and 30% in air has been obtained. 
The thermal capacitance was also considerably decreased, thus improving the dynamic thermal behavior. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the scientific committee of Eurosensors 2014.  
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1. Introduction 
Lab-on-chip (LoC) technology is increasingly gaining interest in many fields ranging from massive parallel 
analysis in genomics to point-of-care testing devices in medical diagnostics. Heaters are frequently used devices in a 
LoC. Typical applications include thermal cycling in polymerase chain reaction (PCR) devices, temperature control 
for analytical purposes, heating elements for microfabricated flow sensors. One of the key points in the design of a 
* Corresponding author. Tel.: +39-075-5853639; fax: +39-075-5853654. 
E-mail address: andrea.scorzoni@unipg.it  
 2014 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Peer-review under responsibility of the scientific committee of Eurosensors 2014
960   A. Scorzoni et al. /  Procedia Engineering  87 ( 2014 )  959 – 962 
lab-on-chip with integrated thermal management is related to the substrate material on which the device is 
fabricated, which, in turn, is often imposed by the requirements of the final application. Glass is the material of 
choice for conventional analytical applications and therefore glass substrates are of particular interest for lab-on-chip 
devices  
Microheaters on glass usually suffer from relatively high thermal dissipation [1,2,3] due to low thermal 
resistance. It is fundamental to maximize energetic efficiency of the heaters both to decrease the power consumption 
and to isolate the hot area from left over part of Lab-On-Chip. The motivation of this paper is to show an easily 
manufacturable technique for increasing the thermal resistance of microheaters on glass.  
In this direction a micromachining technique, normally adopted for dicing silicon wafers, was used to create 
trenches in the glass substrate to improve the thermal static and dynamic behavior of the heaters. In literature 
different techniques are available to micromachine glass materials, as chemical etching [4] and photochemical  
reaction induced by femtosecond laser in photosensitive glass [5]. In this work trenches were created by means of a 
purely mechanical technique, i.e. a numerically controlled microsaw (ADT 7100 Series – Vectus. Trenches), 
normally used to dice the chips from a silicon wafer.  
The work described in this paper was carried out in the frame of the ARTEMIDE project whose objective is the 
design of the building blocks of a Lab-On-Chip dedicated to the detection of viral infections. 
2. Fabrication 
A Cr/Al/Cr sandwich has been chosen as heater material for its good adhesion characteristics on glass. Its good 
stability after annealing at 120 °C for 3 hours has been verified after repetitive temperature sweeps. The fabrication 
steps can be found in [3]. The relatively high temperature coefficient of resistance of the Cr/Al/Cr sandwich (TCR0, 
calculated @ 0 °C) of about 4×10-3 °C-1 guarantees good sensitivity when the heater is also used as a resistance 
temperature sensor device. Devices underwent an additional procedure dedicated to the fabrication of trenches on the 
back side and/or the front side of the glass. The aim was to increase the thermal resistance of the structure, thus 
saving heating power. 240 µm wide trenches were dug by means of an automatic sawing machine ADT 7100 Series 
– Vectus. In the case of sample #1 (Fig. 1, a) they were cut on the opposite side of the heater and were stopped at 
about 200 µm from the front surface. For sample #2 (Fig. 1, b) three trenches were cut on the front side and one 
trench on the back side (to avoid cutting the metal taps). In the case of sample #4 (Fig. 1, c), similarly to sample #2, 
three concentric rectangular trenches were cut on the back side, for a total of twelve linear trenches. In the case of 
sample #5 (Fig. 1, d) a chessboard geometry was created to remove a big part of the thermal mass under the heater. 
For samples #2, #4 and #5 the trenches were stopped at about 80 µm from the opposite surface. The pitch between 
parallel trenches was 200 µm. The minimum distance between the middle axis of the trench and the outer border of 
the heater was defined as 200 µm. Sample #3 was not modified and was considered as a reference.  
We found that the maximum remaining thickness obtainable with a sewing machine is about 80 µm from the 
opposite surface. If this remaining thickness is decreased down to 50 µm the samples are very fragile and tend to 
develop cracks after just one thermal cycle. 
              
 (a) (b) (c) (d)
Fig. 1. Micrograph of the processed samples (a) #1; (b) #2; (c) #4, (d) #5. 
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3. Experimental results and discussion 
Accurate 4-wire measurements and thermal characterization of the microheaters were accomplished as described 
in [3]. In this case the heater on glass is kept in direct contact with the hot plate using thermally conductive paste 
and kapton tape. Measured parameters were the TCR0, the four-wire thermal resistance Rth-4w and the thermal 
capacitance Cth.  
The first measurement phase has been performed by defining different temperature steps during which the 4-wire 
electrical resistance R4w is measured as a function of temperature T:ܴସ௪ ൌ ܴ଴ିସ௪ሺͳ ൅ ଴ܶሻ, where R0-4w is the 
electrical resistance at 0 °C. Fig. 2 shows the measured curves for all the previously described samples and the 
relevant parameters we extracted. The ܴସ௪ vs. T curves will be used in the next phase for extracting a temperature 
from a resistance value.  
To measure the thermal resistance and the thermal capacitance, the heaters are initially biased with a constant 
current. When thermal equilibrium has been reached, the thermal resistance is extracted from the formula Rth-4w
=ǻT/P4w, where ǻT is the difference between the ambient temperature and the heater temperature and P4w is the 
power dissipated by the heater. Once the heater reaches thermal equilibrium, the heating current is turned off and the 
temperature decay is measured using a small bias current.   
Thermal time constants were measured for all samples with the glass substrate placed both on a metal plate and in 
air. Fig. 3 shows the temperature decay of the sample #5 as an example of temperature behavior as a function of 
time. The fitting curve is a simple exponential ܶሺݐሻ െ ௔ܶ ൌ ܣ݁ି௧Ȁఛ , where the time constant is ߬ ൌ ܴ௧௛ିସ௪ܥ௧௛ .
Table 1 shows the results of the thermal characterization and parameter extraction for the devices under test. 
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Fig. 2. Heater (and hot plate) temperature as a function of heater 4-wire resistance R4w. TCR0: 3.86×10-3 °C-1 (#1), 4.16×10-3 °C-1 (#2), 3.82×10-
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Fig. 3. Temperature decay of sample #5 (a) in thermal contact with the plate at ambient temperature; (b) in air. The measured points have been 
acquired with a sampling rate of 20 ms, for this reason the measured curves are continuous. 
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Table 1 highlights the correlation between the increase of the number of trenches and the increase of the thermal 
resistance. For samples #1, #2 and #4 this occurs without significant consequence on the thermal capacitance. The 
geometry of trenches which maximizes the effect on thermal parameters is the chessboard geometry. In this case, as 
expected, the removal of a big part of the thermal mass has a considerable effect both on the increase of thermal 
resistance and the decrease of the thermal capacitance. 
Table 1: Comparison of the thermal parameters of the five samples. 
Sample A Ta Ĳ
(s) 
R2 Rth-4w
(K/W) 
Cth
(mJ/K) 
Power4w
(W) @ 94°C 
#1
on-plate 
@Ta
48.45 ± 0.07 22.13 3.59 ± 0.01 0.99998 52.3 69 1.797 
in air 48.20 ±0.12 24.42 34.44 ± 0.23 0.9989 312.9 110 0.300 
#2 
on-plate 
@Ta
34.27 ± 0.04 25.17 1.9334 ± 0.005 0.99993 35.6 54 1.574 
in air 49.40 ± 0.20 25.17 35.86 ± 0.37 0.9988 288.0 125 0.201 
#3
(ref.) 
on-plate 
@Ta 30.53 ± 0.20 23.64 
1.677 ± 
0.017 0.9991 32.4 52 2.901 
in air 30.30 ± 0.11 25.72 35.21 ± 0.33 0.9979 269.8 131 0.348 
#4  
on-plate 
@Ta
45.039 ± 0.007 22.60 3.383 ± 0.001 0.99999 54.5 62 1.0819 
in air 53.97 ± 0.05 24.26 36.09 ± 0.09 0.9993 338.0 107 0.1734 
#5  
on-plate 
@Ta 44.529 ± 0.008 25.04 
2.643 ± 
0.001 0.99998 102.9 26 0.5720 
in air 45.7 ± 0.12 23.57 17.45 ± 0.08 0.99671 348.1 50 0.1583 
4. Conclusion 
This paper presented a novel and easily manufacturable, rapid prototyping method for increasing the thermal 
resistance of microheaters fabricated on glass substrates, thus decreasing the thermal dissipation of the devices.  
Guidelines to design trench geometries and their impact on the thermal parameters have been presented. The 
thermal resistance was increased up to 217% on plate and 30% in air. In the best case the thermal capacitance was 
more than halved, thus improving the dynamic thermal behavior.  
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